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IRVESTIGATION OF DOWNWASH AND WAKE CHARACTERISTICS
AT A MACH NUMBER OF 1.53.
II — TRIANGUIAR WING

By Edward W. Perkins and Thomas N. Canning

SUMMARY

The results of an experimental investlgation of the downwash
and wake characteristics behind a trlangular plan—form wing in a
supersonic stream are presented. The leading—edge sweep angle and
aspect ratio were 63° and 2.04, respectively. The wing had &
5—percent~thick, symmetriceal, double—wedge airfoil section with
maximum thickness at 50-percent chord. The tests were made at a
Mach number of 1.53 and a Reynolds number, based on the mean aero—
dynamic chord, of approximately 2 million. Measurements were mede
of the varlation of downwash angle with anglie of attack at seversl
positions within the induced flow field. Additional surveys were
made to determine the position and extent of the friction wake.
These experimental resulits were anslyzZed and compared with the
characteristicse calculated by means of the linear theory.

+
Within that part of the induced flow field where the theory
predicts downwash for positive angles of attack of the wing, the
experimental values of the variation of the downwash angle with
angle of attack through zero 1ift were found to be in good agreement
with the theoreticel predictions. Within the remainder of the
Induced flow fleld, the agreement was only fair.

At angles of attack, appreclably different from zero, the
measured downwash angles at the survey points depart markedly from
the values predicted by the theory. The reasons for this departure
-differ in the positive and negative angle—of—ettack ranges since
the points at which the downwash angles were measured were at a
fixed distance above the chord plane of the wing, end the downwash
field, at any finlte angle of attack, was not symmetric with respect
to the extended chord plane. In the positive angle—of—attack range,
the departure was primarily the result of the presence of a strong
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vortex In the induced flow fileld which was not predicted by the
linear theory. In the negative angle—of-ettack range, this depar—
ture may be attributed to the fact that the displacement of the
vortex sheet from the free—stream direction was not as great as
predicted by the theory.

The general characteristlices of the frictlion wake were gimilar
to those observed in subsonic flow. With increasing distance
behind the wing, the wake expanded slowly, decreased in intensity,
and with the wing at poslitive angles of attack, moved downward
relative to the free-stream direction.

INTRODUCTION

The satigfactory prediction of longitudinal stabllity arnd
control of alrcraft requires a knowledge of the induced flow field
behind l1ifting surfaces. Two of the primary consideratlions in this
regard are the downwash distributlion within the induced flow field
and the characteristics of the friction weke. Theoretical cal—
culations of the downwash distribution for conventional 1lifting
surfaces at subsonlc speeds are generally based on the familiar
Prendtl lifting-line theory. The agreement between the experi-—
mentally messured downwash and that calculated 1n accordance with
thils approach 1s satisfactory only when the self—-induced movement
of the trailing vortex sheet and the local effects of the friction
wake are conslidered. In supersonlic flow, several methods besed
on the linearized differential equation of motion of a compressible
fluid have been developed for the computation of downwash. As in
subsonic flow, experiment must be relled upon to determine the
1imits of applicability of these theories to the predidtion of
downwash in real flows.

The present report 1s the second of an investigation of
downwash and wake characteristics for several representative low—
aspect—ratio wing plan forms. Part I of this series (reference 1)
was concerned with these characteristics for e wing of rectangulsr
plan form. This report discusses the results for a wing of tri-
angular plan form which was chosen because of 1ts sultability at
moderate supersonic Mach numbers as elther a lifting wing or a
canard—~type control surface.
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SYMBOLS -

X,¥,2 longitudinal, lateral, and normal coordinates with the
origin at the leading-edge apex of the wing and the
x exis corresponding to the free-stream direction

c wing chord length, inches
H free-stream total pressure, pounds per sduare inch absolute
HH? difference between the pitot pressure at a point in the wake

and the pltot preesure in the free stream, where the pitot
pressure is the pressure measured by a pitot tube in
elther gubsonic flow, where this pressure is equal to the
local total pressure, or in supersoric flow, where this
pressure 1s equal to the local total pressure for the flow
behind a normal shock wave, pounds per square inch absolute

8 wing semispan, inches

o wing sngle of asttack, degrees

€ downwash angle measured from the free—stream direction,
degrees

€’ difference between the downwash angle at angle of attack

and the downwash angle at «=0, degrees

. APPARATUS AND TESTS

The investigatlon was performed in the Ames l1— by 3~foot super—
gonic wind tunnel No. 1. For these tests the tunnel was equipped
with a fixed nozzle which gave a test-sectlon Mach number of 1.53.
The test Reynolds number based on the measn aerodynamic chord was
approximately 2 million. The experimental procedure employed in
this Investigation was the same as that described in reference 1
which 1s Part I of this series of reports. Except where specifi-—
cally noted, all details of model constructiom and support, instru—
mentation, and reduction and correction of data are identical %o
those described in reference 1. The positions of the three down—
wash-survey statlons and the two wake—survey statione, which are
shown in figure 1, were the same as those of reference 1 and, for
convenience, the same numbering system has been retalned.

L



1 ol NACA EM No. AgD20

Model and Support

The semispan model was of triangular plan form with the leading
edge swept back 63° giving an aspect ratio of 2.04, The wing had a
5—percent~thick, symmetrical, double—wedge airfoil section with the
maximum thickness at 50-percent chord. The leading and trailling
edges were finished to approximately 0.00l-inch raedius, and the
surfaces were ground but not polished. The pertinent dimensions of
the model and model support system are shown in figure 1. A more
detalled description of the support system and a discussion of the
precautions taken to minimize the disturbances in the tunnel ailr
stream caused by the boundary-lsyer plate are given in reference 1.
The orientation of the model, the boundary—layer plate, and the
survey instruments is shown in figure 2.

Corrections and Precision

The downwash angles measured at survey gtations 2 and % were
corrected by superposition for stream deflectioms caused by both the
support system and the nonuniformity of the free stream, The data
for station 3 have not been corrected for these interference effects
g8ince no sultable stream calibration was obtalned at this station.
However, in view of the relative positions of staetions 2 and 3, it
is believed that at station 3 these interference effects would be
only slightly greater than at station 2. Since the correctioms at
station 2 are small and have little effect on the final resulis, it is
believed that the uncorrected results presented for station 3 are at
least qualitatively useful.

The precision of the present results 18 the same-as that of the
results presented in Part I (reference 1). Consideration of the
possible sources of error hag indicated that the experimental values
of €' end o are accurste to within +0.1° and #0.05°, respectively
On this basis the possible error in determining (de/dm)q=0 is less
then #0,04. The locetions of the friction wake boundaries, which
have been taken as the point in the stream where AH'/H = — 0.005,
are correct within #0.06 inch or approximately 1 percent of the root
chord of the wing.

THEORETICAL CONSIDERATIONS
The evaluation of the rate of change of downwash angle with

angle of sttack is divided into two parts: First, the calculation
of de/da at a=0, and second, hased on these results, the
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eveluation of the displacement of the vortex sheet and its effect on
the downwssh field. The tendency of the shed vorticity to roll up
into tip vortices and the resultant effects on the downwash field,
are neglected in these camputations since no theoretical methods are
now available for computing these effects in supersonic flow.

Computation of <§—§>
a=0

The method used to compute the rate of change of downwash with
angle of atback at zero 1lift is that outlined in reference 2. This
method is essentially a superposition process in which a finite
triangular wing is formed from a 1lifting triangle of infinite chord
by cancellation of the 1lift behind the line which is to be the
trailing edge.,” Thus, the solution mey be convenlently divided into
two parts: First, the contribution of the 1ifting triangle of
infinite chord to the downwash, end second, the contribution of the
constant—load sectors used to form the tralling edge. The general
procedure 1s to start with the solution for a lifting triangle of
infinite chord having the same sweep angle of the leading edge as the
wing under Investigation. This solutlion is conical with respect to
the leading apex. Charts of the downwash fleld for a series of such
lifting surfaces are available in reference 3 and cases not specif—
ically calculated may be determined by interpolation of these results.

The contribution of the constant—load sectors used to form the
trailing edge may be calculated 1n accordance with the methods pre—
sented in reference 2. This part of the solutlon presupposes =
knowledge of the spanwise distribution of 1ifting pressure to be
canceled, PFor a lifting triangle of infinite chord with subsonic
leading edges, the 1ifting pressure along the leading edge is theoret—
ically infinite. In the application of the method suggested in refer—
ence 2 for calculating the contribution of the canceling solutions to
the downwash distribution, it is convenient to make some simplifying
assumption regarding the magnitude of the lifting pressure along the
extension of the leading—edge line. However, any assumption concern—
Ing the load distribution will, of course, affect the downwash. Hence
e study was made to determine the effect of varylng the assumption of
the magnitude of the lifting pressure along the extension of the
leading—edge line. For convenience, this pressure was expressed in
terms of the 1lifting pressure along the center line of the 1ifting

leading—edge 1ifting pres sure)
center—-line 1ifting pressure
was varied between 5 and 50. It was found that increasing the value
of the ratio beyond 10 yielded increments in (de/da)q=0 which

surface. The value of this ratio (
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were 80 small that they were masked by random errors in the mechenical
integration involved in the calculatiomns. Therefore, in the subse—
quent computations, the 1ifting pressure along the extension of the
leading edge was assumed to be 10 times as great as that at the center
line. The theoretical values of (de&/da)g=0 presented are therefore
not influenced by the limitations imposed on the lifting pressure in
the canceling solutions.

Effect of Displacement of the Vortex Sheet
on the Downwash

All of the methods now availasble for computing downwash in
supersonic flow are based on solutions of a linearized differential
equation and are subJect to the usual limitatioms of this simplified
theory. The boundary conditions sre satisfied in the z=0 plane
(1.e., the plane of the wing) and the assumption is made that the
free—stream direction coincides with that of the positive x axis.
Thus, under these conditions, the trailing vortex sheet 1s assumed to
be in the plane of the wing and to extend wmchanged to infinity;
this assumption alsc applies in subsonic thin-alrfoll theory. Experi-—
mental results In subsonic flow have shown that this assumption does
not adequately describe the flow field behind a lifting surface except
at very small angles of attack. It has been shown (reference 4) that
at finite angles of attack the vortex sheet 18 displaced from the
plane of the wing due to the action of the downwash itself, and that
the shed vorticity tends to concentrate into two vortices resulting
in a rolling up of the vortex sheet. In calculating the downwash for
conventional wing-—tail combinations in subsonic flow, it has been
found necessary to account for the movemeni of the vortex sheet and
the resultant effects on the downwash distribution. However, the
rolling up of the vortex sheet has been neglected because with high—
aspect—ratio wings and normal tall locations the tail is not in the
reglon affected.

In the application of the methods presented in reference 2 to
compute the downwash at supersonic speeds, it is assumed that the
shed vortex sheet colncides with the extended chord plane of the wing.
Thus, in the calculations, the vertical locatlon of any point in the
flow field is taken from its position relatlive to the extended chord
plane, However, in the actual flow under lifting conditions when the
vortex sheet i1s displaced from the chord plane, the effective vertical
location of any point in the flow field is different from that assumed
in the linear theory. (The effective vertical location may be defined
ag the distance between the vortex sheet and the point in question.)
The displacement of the vortex sheet 1s a function of the downwash



NACA RM No. A9D20 - 7

which 18 in turn dependent on the angle of attack of the lifting
surface. Thus, although & point in the flow fleld may be fixed rela—
tive to the 1lifting surface, the effective vertical location will
vary with the angle of attack. Since the linear theory shows that
the downwash varles wilth dlistance above or below the vortex sheet,
being a maximum at the vortex sheet and zeroc on the Mach cone, it is
apparent that the rate of change of downwash angle with angle of
attack at a point in the stream which is fixed relative to the
lifting surface will vary as the angle of atbeck 1s changed.

An spproximation to the effect of the displacement of the
vortex sheet on the downwash, may be calculated by means of the
linear theory in a manner similar to that employed in reference &4
and considered in more detaill in reference 1. In the present report
this approach hes been used to compute the theoretical downwash
angles through the angle—of—sgttack range st all survey poinis
inboard of the wing tip. Since the theoretical spproach used in
this anslysis cannot be used to calculate downwash near the extended
leading—-edge line, the computation of the flow—field deformation
outboard of the wing tip was not undertaken. However, the values of
de/do at «=0 have been computed for the survey points which were
outboard of the tip.

RESUILTS

The spanwlse distribution of the experimentally measured local
stream angles are presented in figure 3. TFor clarity in presenta—
tlon, these stream angles are plotted as a—e?. These experimental
resulte have also been plotted in figure 4 to show the variation of
downwash angle €' with angle of sttack « at each survey point.
Theoretlcal curves obtalned as described in the preceding section
are Included for each case in which they were calculated, The
slopes at «=0 obtalned from experimental plots similar to those
presented in figure 4 are summarized in figure 5 along with the
values of (de/dx)g=0 calculated in accordance with the methods of
references 2 and 3.

In figure 6, weke profiles showing both the pitot—pressure loss
in the viscous wake and the vertlcal position of the wake are pre—
sented for two streamwise positions at a=3°. In order to show the
poeltion of the upper limit of the friction wake relative to the
extended chord plane, spanwlise plots of the position of the upper
limit of the wake at several angles of attack at survey stations 5
and 6 are shown in figure 7. From the same tests the position and
movement of the wake center line were determined. In figure 8 these
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results are compared to the movement predicted on the basis of
linear theory.

DISCUSSION
Spanwise Varistion of the Induced Stream Angle

In order to Indicate the nature of the downwash fleld induced
by the trisngular lifting surface, the results of the surveys have
been plotted in figure 3 to show the spanwise variation of induced
gtream angle at the three survey stations for seversl angles of
attack. These results show that with the wing at negative angles of
attack there are no abrupt changes in the Induced stream anéle over
the extent of the spanwise surveys at any of the survey stations.
This condition also prevails at small poslitive angles of attack.
However, with the wing st approximately 2.5° angle of attack or
greater the spanwise distributioms exhibit irregularities involving
abrupt changes in the induced stream angle of as great as 26°
(station 2, «=10°). The spanwise distributions of siream angle at
station 2 for o=10° and at station 4 for a=5° immediately suggest
the presence of a vortex, the core of which was spproximately in the
8tream direction. The direction of flow in the vortex was similar
to that of a wing—tip vortex wherein the flow 1s around the wing tip
from the high—pressure side to the low—pressure side. As the angle
of attack was increesed, the data Indicate that the vortex core
moved toward the wing root.

It might be expected that the formation of such a vortex would
accompany a change in the span loading with increasing angle of
attack. Low-speed pressure~distribution tests (references 5 and 6).
of similar triangular wings showed an inboard shift of the center of
pressure with increasing 1ift. Visual observation of these tests
detected the presence of vapor trails, believed to be vortex cores,
originating near the leading apex and passing over the low—pressure
surface inboard of the wing tips. The path of thege trails was
coincident with pressure peaks in the chordwise pressure distributions
and the oecurrence of these trails was associated with leading—edge
geparation and center—of-1ift movement. Successive lmprovements of
the leading—edge profile involving rounding of the leading edge, use
of an NACA 0012 section, and use of an NACA 65-series low—drag
section resulted in elimination of the condensation phencmencn
altogether, a reduction in the magnitude of the pressure peaks, and a
delay in the inboard movement of the center of lift to higher angles
of attack. Pressure—distribution tests at M=1l.53 (reference T) of

8 wing with the seme leading—edge sweep angle as the triangulsr wing
]
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used in this downwash investigation, however, did not indicate the
variations in loading which might be anticipated. The probable
reason for this lies in the large difference in the leading—edge
profiles of the two wings, Although the leading edges of both wings
were sharp, the pressure—distribution model had a biconvex airfoll
section with a leading—edge wedge angle of 36° messured normal to the
leading edge; whereas the wedge angle for the double-wedge section of
the triangular plan—form wing was only 12-1/2°.

Schlieren photographs and liquid—film tests presented -in refer—
ence 8 for a triangular plan—form wing of aspect ratic 0.7 at M=1.62
indicate the presence,in the induced flow field, of vortices similsr
to those detected in the present tests. Under 1lifting conditions two
distinet line vortices appear behind the trailing edge inboard of
elither tip. The ligquid—film tests show that on the wing the outer
lines of vorticlty coincide approximately with the ridge line.

The results of the stream—engle measurements shown in figure 3
indiéate that, 1f this wing were to be used as a forward 1lifting
surface in a tandem arrangement of lifting surfaces, severe interfer—
ence effects on the trailing surface might be expected if the trailing
surface were located in a position similar to station 2 or 4.

Rate of Change of Downwash at Zero ILift

. The theoretical values of (de/da)q-0 used for comparison with
the experimental results in figure 5 were obtained from the charts
of reference 3 and the method of calculation ocutlined in reference 2.
The experimental values of (de/dx)g-Q were taken from the curves
of figure U end represent the slope at a=0° of curves faired through
the experimental points. These summary plots show that the experi—
mental trends of increasing (de /d.or,)a=0 as the plane of the wing is
approached and, as the distance downstream from the wing is increased,
are consistent with the theoretical predictions. The agreement
between the experimental and theoreticel spanwise varistion of
(de/da.)a;o is good Inboard of approximately the TO—percent—semispan
position. The asgreement in the remainder of the field outboard of
this position 1s not as good. It appeers that the upwash field
has been shifted somewhat inboard from the position predicted by
the linear theory.

Variation of Downwash With Angle of Attack

For convenlence in comsidering the varilation of the downwash

g
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angle with angle of attack, the following discusslon 15 divided into
two sectlions. The first will be concerned with the region for which
the theory predicts positive values of (de/da)a=o which coxrresponds
to a reglon of downwash for positive angles of sttack. The second is
that part of the induced flow fleld for which the theory predicts
upwash at positive angles of attack. For each of the survey stations
the theory predicts downwash from the wing root (vertical plane of
symmetry) out to approximately the 86—percent—semigpan station; the
balance of the survey points are in the region of theoretical upwash.

Downwash reglon.— The calculations which have been performed
for each of the survey points within the downwash region show that
the slope of the curve defining the theoretical variatlon of the
downwash angle €', with the angle of attack a, increases ag the
angle of attack is increased from —10° to +10°, (See fig. 4.) This
same trend 1s followed by the experimental results; however, the rate
of lncrease of the glope is usually larger than predicted; at nega—
tive angles of attack the slopes are less; and at positive angles of
attack the slopes are generally greater. This departure fram the
predicted values is believed to result from two factors.

The more Important of these two factors 1s believed to be the .
existence of the strong vortex which is not predicted by the linear
theory. The effect of thls vortex at each of the survey positions
will, of course, depend on its strength as well as 1ts position rela—
tilve to the survey point. The results of the surveys lndicsate that
the strength of the vortex increased as the incidence of the wing
wag increased in either the positive or negetive range and that the
vortex core always originated on the low—pressure surface of the
eirfoll. Thus, since the survey positions were above the extended
chord plane of the wing, the effect of the vortex on the downwash at
each point was greatest in the positive angle—of-ettack range and
increased with increasing angle of attsack.

The data in the positive angle—of-attack range at station 2
11lustrete most clearly the effect of the vortex on the downwash dis—
tribution. A%t the lli~percent—semispan position the downwash angle
increased much more rapidly with increasing angle of attack than
predicted by theory. This same trend is continued at each survey
position out to and inecluding the 57-percent—semispan position, The
agreement hetween the experiment and theory deteriorates as this
latter survey position is approached., This results primarily from
the fact that each successive survey position is closer toc the vortex
core and thus the vortex affects the downwash to a greater degree.

At the Tl- and 86-percent—semispan positions, the experimental
results at o=5° were very similar to those for the other inboard

iy
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positions in that the measured downwash angles were much larger than
the values predicted by theory. However, at each of these positions
the flow changed from downwash to upwash when the angle of attack of
the wing was Incressed from 5° to 10°. This was apparently the result
of the inboard movement of the vortex core. The data in figure 3
indicate that for a=5° the vortex core was between the 86— and 100~—
percent—-semispan positions; whereas at «=10° it had moved inboard
and was between the 57— and Tl-percent—semispan positions. Thus at
a=5°%, ©both the Tl- and 86—percent—semispan survey posltions were
inboerd of the vortex core and hence in its downwash field; at a=10°,
the vortex had moved inboard so that the survey positions were in the
upwash fleld of the vortex. Although the examples used have been con—
fined to the data obtained at station 2, the analysis is equally
appliceble to the data for the other survey stations if proper con—
slderation is given to their positione relative to the vortex.

In considering the variation of €' with « in the negative
engle—of—attack range, it might be anticipated that the vortex would
have little effect on the perturbation velocitles at any of the
survey points since in this range the vortex was distant from the
gurvey points, being, in fact, on the opposite side of the extended—
chord plane. Nevertheless, gince the presence of the vortex in the
flow field resulted in downwash anglesg Which were greater than the
theoretical at moderate positive angles of attack, its presence
should produce upwash angles greater than the theoretical at negative
angles of attack. However, it is apparent from the plots in figure 4
that the measured upwash angles at the survey polnte were generally
less than those predicted by theory. Hence, 1t must be concluded that
the effect of the vortex on the perturbation velocities at the survey
points is emell in the negative angle—of—attack range and 1s in fact
overshadowed by a second factor which may contribute to the departure
of the experimental results from the theoretical predictions at finite
angles of attack. The vortex sheet, or what is equivalent, the center
line of the wake, was not displaced from the free-stream direction as
far as calculated. (See fig. 8.) Therefore, with the wing at posi-
tive angles of attack, the points at which the downwash angles were
measured were actually much closer to the point of maximum downwash
at the wake center line than the theory predicte. Since, in accord—
ance with theoretical considerations, the downwash increages with
decreasing distance from the vortex sheet, it 1s apparent that the
actual downwash at the survey points would be greater than predicted.
Conversely, in the negative angle—of—attack range this effect was
reversed, that is, the survey points were farther from the vortex
sheet than the theory predicts; thus the actual upwash was less
than the theoretical.
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In both the positive and negative angle—of-attack ranges, a
combination of the two effects discussed 1s measured and, since the
magnitude of neither is known, any quantitative evaluation of these
effects is precluded. It 1s apparent from the data at the Tl—- and
86—percent—semispan positions at station 2, and the Tl-percent—
semigpan position at station 4, however, that the vortex had the
greater effect. The abrupt decrease in downwash which occurred in
the poaitive angle—of-—attack range can only be attributed to the
effect of the vortex since, if only the displscement of the vortex
sheet were considered, 1t would be expected that the slope of the
curves of the varistion of € with o would continue to increase
up to the maximum sngle of attack of these tests.

Upwesh reglon.— "In the region in which negative values of
de/dn at a=0 are predicted, the theoretical calculations were
limited to the evaluation of the rate of change of downwash angle at
zero lift. The straight lines representing these values have been
extended for approximately 4° around a=0 for comparison with the
experimental results. The rapld incresse in upwasb with increasing
angle of attack which occurred at the 1l00—percent—semispan position
at all three of the survey stations may have resulted from either
the self—induced distortion of the flow fleld outboard of the wing
tip or from the vortex in the flow field behind the wilng. The experi—
mental results indicate that at stations 2 and 3, the upwash region
extended somewhat inboard of the theoretical boundary.

Wake

The pltot~pressure profiles presented in figure 6 indicate the
location, thickness, and intensity of the wake for several semisgpan
positions at survey stations 5 and 6 which were 1.79 and 2.34% root—
chord lengths aft of the leading apex, respectlvely. The horizontal
reference line used in this figure is a line drawn in the free—stream
direction through the apex of the wing. The general chsrascteristics
of the wake are similar to those observed in subsonic flow in that,
with increasing distance downstream from the wing, the wake expanded
slowly, decreased in intensity, and, with the wing at positive angles
of attack, moved downward relative to the free-stream reference line.
As can be seen from this plot the pitot—pressure profiles are similar
to those of the dynamic—pressure variation through the friction wake
behind a 1lifting surface in subsonic flow. The intensity of the
wake, as reflected by the maximum pltot—-pressure loss, was largest
behind the wing root and decreased to a minimum behind the wing tip.
The data indicate that, for the four outboard survey positions, the
meximum pitot—pressure loss decreased almecst linearly toward the
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minimm behind the wing tip; however, the maxisum logs behind the
li—percent—semispan statlon appears to be disproportionately large.
Since this survey station was relatively cloge to the boundasry-lsyer
plate, it ig believed that this large pitoi—~pressure loss is not
representative of conditions for the wing alone but rather resulis
from interference between the model and support. A similar condition
was obgerved in connection with the wake surveys made for the rectan—
gular plan—form wing reported in reference 1,

It should be pointed ombt that the large maximum pltot—pressure
loss measured at the li~percent—semigpan position indicstes that,
even though the stream veloclity at the wake center line may have been
supersonic, it is poesible that the Mach number was sufficlently low
to allow interference between adjJacent tubes In the survey rake.
Therefore, near the wake center line at the li—percent—semispan posi—
tion, the pitot pressures indicated by the tubeg in the rake may be
slightly different from what would have been obtalned if a single
isclated tube had been used for the survey.

To show the large reglon behind the wing in which the viscous
effects may be important, the position of the upper limit of the wake
at stations 5 and 6 for several angles of attack is shown in figure 7.
Only the upper limit of the wake is shown slince the wake thickness is
eggentisglly independent of angle of attack for this range and the half
thickness is defined at a=0°.

The position of the wake center line relative to the extended—
chord plane of the wing has been determined and compared in figure 8
to the position cslculated by means of the linear theory. Although
the weke center line 1s somewhat farther above the chord plane than
the theory predicts, over the inboard 50 percent of the semisgpan the
incremental movement of the center line between a=3° and 6°, and
between 6° and 9°, corresponds quite closely to that predicted by the
theory. The high position of the wake at a=3°, 6%, and 9° at the
outboard stations indicates the vortex sheet is rolling up and infers
that, in this region, the downwash at the wske center line 1s not as
great as predicted by linear theory.

CONCLUDING REMARKS

The results obtalned in this investigation show that the linear
theory is suiltable for determining de/da at «=0 within that
porticn of the induced flow field for which the theory predicts posi—
tive values of (de/da)g-q-
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The downwagh surveys show that under 1ifting conditions there
is a strong vortex in the induced flow field of the trilangular plen—
form wing used in this investigation. The vortex has conslderable
effect on the downwash distribution and thus on the position of the
phed vortex sheet at finlte angles of attack. These effects are so
large in the positive angle—of-ettack range that predictions of the
downwash angles based on the linear theory are of little value at any
but small angles of attack, If this wing were to be used as a forward
lifting surface in a tandem arrangement of 1lifiing surfaces, the
poselbility of severe interference effects on the trailing surface
should be investigated. The rather large variations in the rate of
change of downwash angle with angle of attack which occur at the
higher angles of attack might result in nonlinear pltching-moment
characteristics.,

Ames Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif. -
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(a)- Semispan model of the triangular wing with the stream—
angle wedge. a = 0°

(b) Semispan model of triangular wing with stream—engle cones
and wake survey rake. a & —10°

Figure 2.— Sketch of the test section showing the boundery—layer
Plate, the semispen mcdel, and the survey instruments.
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